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Abstract
A system for double station observation of meteors now known as MAIA (Meteor Automatic Imager and Analyzer) is
introduced in this paper. The system is based on two stations with gigabite ethernet cameras, sensitive image intensiﬁers
and automatic processing of the recorded image data. This paper presents the measured electrooptical characteristics of
the components and the overall performance of the new digital system in comparison with the current analog solution.
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1 Introduction
Double station observation of meteors using two
video systems coupled with image intensiﬁers started
at the Ondrˇejov observatory about a decade ago[1].
It was shown that the properties of the system with
an image intensiﬁer allow detection of meteors down
to masses of fractions of one gram. Good time res-
olution of events with meteors is provided by the
video technique, which enables us to calculate the
atmospheric trajectory and many other properties of
meteors. However, the precision of the image data
captured by the video recording both in spatial res-
olution and in dynamic range is lower than with a
photographic approach [2].
This paper describes the evolution of the current
project to replace analog S-VHS camcorders with a
new design in which gigabit ethernet cameras are
used. The direct digital output will have many ad-
vantages in the enhanced parameters of the system,
and especially in the advanced automation of the ob-
servation process.
Fig. 1: System inner housing with installed components
2 Design of the new system
The design of the new video capturing hardware is
based on experience with the current analog sys-
tem — the main components of the image sensing
hardware are the input lens, the image intensiﬁer,
the camera lens, and the camera itself. The central
part of the system is the XX1332 image intensiﬁer
manufactured by Philips (now Photonis). These im-
age intensiﬁers are characterized by the very large
diameter input 50 mm and output 40 mm apertures,
the high gain (typically 30 000 to 60 000 lm/lm) and
the good resolution (typically 30 lp/mm).
Since the diameter of the photocathode in the im-
age intensiﬁer is 50 mm and the angle of view for
meteor observation should be about 50◦, the most
suitable focal length of the input lens comes at about
50 mm. The aperture of the input lens plays an im-
portant role in the overall sensitivity and signal-to-
noise ratio of the system. After an extensive search,
the fast lens Pentax SMC FA 1.4/50 mm was consid-
ered as a compromise between aperture, sharpness
and price. This 50 mm lens contains 7 optical ele-
ments in 6 groups, oﬀers aperture F/1.4 and angle of
view 47◦. The lens features an SMC multi-layer coat-
ing to lower the surface reﬂection, reduce ultraviolet
rays and deliver clear, high-contrast images.
The parameters of a suitable camera for video ob-
servation of meteors should be better than in the case
of the analog S-VHS camcorder used in the current
system. This means that the camera should oﬀer at
least the frame rate and resolution common for the
PAL standard, i.e. 50 interlaced ﬁelds per second
and digitized resolution 720× 576 pixels. These re-
quirements are met in the JAI CM-040GE camera
with 1/2 progressive scan CCD sensor oﬀering reso-
lution of 776 × 582. The gigabit ethernet interface
allows maximum framerate 61.15 fps and 10 or 8-bit
output.
The focal length of the camera lens was selected
to get a perfect match between the output screen of
the image intensiﬁer (diameter of 40 mm), the height
of the CCD (4.83 mm) and a suitable distance be-
tween the camera and the image intensiﬁer (about
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Fig. 2: The normalized gain of the system (measured at 650 nm) describes the automatic gain control as nonlinearity
in the image intensiﬁer (a), the overall MTF of the system including the camera (solid line) and the partial MTF of the
image intensiﬁer with the lens (dashed line) (b)
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Fig. 3: Relative spectral response of the camera with (or without) a lens, and the relative power of the light at the
output screen of the image intensiﬁer (a), relative overall spectral sensitivity of the system for diﬀerent digital levels B
in the output image (B = 1 white, B = 0 black) (b)
10 cm). The fast lens Pentax H1214-M 1.4/12 mm
was selected — the vertical viewing angle is approx-
imately 22◦ with the selected camera. The image of
the screen can be focused easily on the CCD with the
250 μm spacer ring. The image intensiﬁer screen to
focal plane distance is about 120 mm in this conﬁg-
uration.
3 Measurement of the
electrooptical
characteristics
The spectral transparency of both lenses (input and
camera), the spectral sensitivity of the image intensi-
ﬁer, the spectral sensitivity of the camera, the spec-
trum of the light at the output of image intensiﬁer,
the spatial resolution of the input lens and the image
intensiﬁer, and the spatial resolution of the whole sys-
tem are among the most important parameters tested
and presented in this paper.
3.1 Spectral response
The spectral response was measured independently
for all parts of the system [3]. The experimental setup
consisted of the LOT-Oriel collimated halogen light
source, the LOT-Oriel Omni 150 computer controlled
monochromator, the expander to get even illumina-
tion of the image sensor, and the Avantes AvaSpec-
3648 ﬁber optic spectrometer. The measurement re-
sults are shown in Figure 3.
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3.2 Spatial resolution
The MTF was measured using a test chart accord-
ing to ISO 12233. This chart can be used to eval-
uate MTF with two diﬀerent approaches, utilizing a
slanted edge (an approx. 5◦ slightly slanted black
bar used to measure the horizontal or vertical spa-
tial frequency response), or a line square wave sweep
with the spatial frequency range 100–1000 LW/PH
(line widths per picture height). In our case, slanted
edges were used to determine the spatial frequency
response – see Figure 2(b).
4 Conclusions
This paper has presented the design of a new system
for double station video observation of meteors now
known as MAIA. The basic electrooptical character-
istics have been measured and the functionality of the
proposed image sensing part of the system has been
veriﬁed. The achieved parameters have proved that
the proposed system can be used for the intended
task.
Measurements of the spectral characteristics of
the image intensiﬁer and the camera show the two
devices are well matched. The overall spectral re-
sponse of the system is broad, and it can be used
easily in the range 455–845 nm. The time resolution
of the selected camera (i.e. 61.15 frames per second)
is above the frame rate oﬀered by the analog S-VHS
camcorder used in the current system. The only lim-
iting factor is the lower eﬀective spatial resolution
of the selected camera (approximately 0.24 megapix-
els) in comparison with the spatial properties of the
image intensiﬁer (0.95 megapixels).
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